The primary objective was appraisal of groundwater quality during pre-and post-monsoon seasons for irrigation purposes. Good quality groundwater is required for high crop yields in arid regions.
INTRODUCTION
Groundwater is an important water resource for human development (Singh et Soil salinization is a serious threat to agriculturalists and groundwater managers (Edmunds et al. ) . The adoption of control measures must be cost-effective (Mull et al. ) .
The irrigation indices sodium adsorption ratio (SAR), Na%, residual sodium carbonate (RSC), and PI are widely used to evaluate groundwater quality for irrigation purpose 
MATERIALS AND METHODS

Study area
The study area lies in the Akola and Buldhana districts of Maharashtra, India. The study area is covered by basaltic rock. A survey of India's topographical sheets numbers 5D/7, 55D/9, 55D/11, 55D/13, 55D/14, and 55D/15 on a scale of 1:50,000 was used for preparation of the base map of the study area (Figure 1 (a) and 1(b)). The main economic activity is agriculture and farmers are growing crops such as cotton, pigeon-pea, soybean, etc. In this catchment, the soil is melanocratic (black cotton soil) due to its basaltic composition. The average annual rainfall in the catchment ranges between 750 and 850 mm. The topography is undulating and interspersed in the arid area and covers a large number of alluvial patches.
Sample collection
The location map was prepared using ArcGIS 10.3 software with the reference of topographical sheets and field data.
The groundwater samples were collected during the preand post-monsoon season. Samples were collected from 45 wells located across the study area. The sampling observational wells locations were fixed using a Global Positioning System (GPS). The groundwater samples were collected after 10 minutes of pumping and stored in 1 L plastic bottles which had previously been soaked in 10% nitric acid (HNO 3 ) for 24 hours and rinsed with de-ionized water. The groundwater samples were investigated in triplicate for their hydro-chemical elements under standard techniques for the investigation of groundwater quality parameters established by the American Public Health Association (APHA ).
The samples were filtered with 0.45 µm Millipore membrane filters. The pH and electrical conductivity (EC) was determined in the field using a pH and EC digital probe.
Laboratory analysis and irrigation indices
Acid titration and moly-do silicate techniques have been used for determining the concentration of bicarbonate and dissolved silica, correspondingly (APHA ). An overall accuracy explained as the percent relative standard deviation (RSD) was attained below 10% for every water sample in the observation wells. The irrigation indices SAR, sodium percentage, and PI respectively were also calculated.
Water facies
The study of hydro-geochemical facies is a useful method in determining the water flow pattern and the origin of hydro-chemical data histories of groundwater. It is used to identify direct relationships and dissimilarities related to chemistry of groundwater samples based on the leading cations and anions (Piper ) . It suggests groundwater changes have been related to geochemical issues in the arid area. The Piper diagram consists of three distinct fields, two triangular fields and a point (dotted) field. Percentage equivalents per mole values were used for plotting groundwater quality parameters (Todd ) . Groundwater parameters ranges were distinguished with their plotting locations occupied by the location point during the pre-and post-monsoon season.
Spatial interpolation technique
The inverse distance weightage (IDW) interpolation method was adopted. The IDW method has been most commonly used by many researchers due to its robust (1) and (2):
where z is the interpolated value, z i is the known value, n is the total number of known values used in interpolation, d i is the distance between known and interpolated values, and p is the power parameter where weight decreases as distance increases from the interpolated values.
RESULTS AND DISCUSSION
Hydro-geochemistry
The pH value of the samples vary from 6.1-9.2 and 6.3-9.5
during pre-and post-monsoon in the arid region which indicates that the groundwater of the study area is acidic to alkaline. The minimum, maximum, mean and standard deviation values of all the parameters are given in Table 1 . The Ca-HCO 3 , Na-Cl, mixed Ca-Na-HCO 3 and mixed Ca-Mg-Cl types of groundwater were dominant in this region as indicated in Figure 2 .
Water quality parameters have been determined for the irrigation suitability of the wells. Table 1 shows the descriptive statistics of irrigation indices of pre-and post-monsoon seasons. Table 2 shows the irrigation parameters (EC, SAR, RSC, Na%, and PI) values of pre-and post-monsoon seasons at sampling locations. Table 3 shows the classification of irrigation groundwater based on EC (Wilcox ) whereas Table 4 shows the salinity and alkalinity hazard based on classification criteria for irrigation water in a US salinity diagram.
Major ions
In this study the observed cations and anions showed the distribution in groundwater as: Ca 2þ > Mg 2þ > K þ and HCO 3 -> 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 34, 35, 37, 38, 40, 41 4, 7, 9, 10, 13, 16, 18, 20, 22, 26, 27, 30, 34, 35, 37, 38, 40, 41, 43 C 3 S 1 SAR-Low 2, 3, 5, 6, 8, 12, 14, 17, 19, 21, 23, 24, 31, 32, 33, 36, 39, 42, 44, 45 C 3 S 2 SAR-Medium 11 1 1.50 EC-High (Table 5 ). It was noted that the groundwater of a few wells was reported to be unsuitable for irrigation use due to the very high pH.
Cl
Piper-trilinear diagram
Hydro-chemical facies can be divided on the basis of dominant 
Agriculture water
Quality standards
Good quality groundwater is required for irrigation of crops.
Much soil and water management activity in the study area was performed in the past to improve the groundwater quality of the area. The suitability of groundwater depends upon many factors: water, soil classification, salt tolerance characteristic of the plants and agriculture crops, climate change and drainage parameters (Kumar et al. ) . Further, it also depends on soil quality and erosion rates. Figure 3 shows the rating of water in relation to salinity and sodium hazard of Man River basin (Wilcox ).
Irrigation indices
Sodium adsorption ratio (SAR)
The SAR parameter is an important parameter for irrigation (Table 4 ). One sample shows C3S2 types as 1.50%, and two samples are presented in C3S3 as 3.50%. It shows a very high salinity (C2) and low sodium hazard (S1) for pre-and Figure 4 shows that a large amount of the groundwater samples decrease under the field of C2S1 and C3S1 during the years of pre-/post-monsoon season data and one sample falls in C3S2 and two samples are in C3S3 (Figure 4(a) and 4(b) ).
Groundwater samples fall into the C2S1 and C3S1 category
showing medium to high salinity and low alkalinity. The groundwater of these categories can be used for agriculture purposes due to less harmful effects. The C3S2 category water has high salinity and medium alkali hazards and hence needs treatment before use for irrigation purposes (Table 4 ). The SAR statistics of pre-monsoon showed minimum, maximum, mean, and standard deviation values as 0.26, 5.02, 1.19, and 0.96 and for post-monsoon, 0.18, 85, 3.91 and 13.79, respectively. The pre-monsoon groundwater quality is good as compared with post-monsoon season because during December-May, the salt water content increases due to the pumping of groundwater for irrigation purposes. In this season, heavy to medium rainfall has been observed and the earth surface particles have transferred in groundwater and aquifer zones through the fracture of rocks in the Man River catchment.
Electrical conductivity (EC)
The higher value of EC in both the seasons (pre-monsoon and post-monsoon) is due to a high rate of evaporation which showed that groundwater has a high electrolyte concentration under pre-and post-monsoon seasons. According Table 5 shows irrigation groundwater classification based on EC (Wilcox ).
Exchangeable sodium percentage (ESP)
The sodium percentage (Na%) is calculated using the formula given in Equation (4): 7, 64.4, 25.81 and 13.25 in pre-monsoon and 7.7, 64.4, 2418 and 13.62 in post-monsoon, respectively in the saline zone area, respectively (Table 6 ). Table 6 shows irrigation groundwater quality based on %Na.
Permeability index (PI)
The groundwater samples were assessed on the basis of PI values for the suitability of wells for irrigation, for irrigation Equation (5): (Figure 8(a) and 8(b) ).
Residual sodium carbonate content (RSC)
The suitability of water for irrigation is often affected by the available quantity of bicarbonate and carbonate in excess of On the basis of the RSC range, it has been classified into three classes as follows: RSC < 1.25 (low), 1.25-2.5 (medium) and >2.5 (high). RSC is expressed as Equation (6):
A high range of RSC in irrigation water means an increase in the adsorption of sodium on the soil. Water having RSC > 5 is not recommended for irrigation because of the damaging effects on plant growth, generally any , 7, 9, 10, 13, 16, 18, 20, 22, 26, 27, 28, 29, 30, 34, 35, 37, 33, 36, 3, 5, 6, 8, 12, 14, 17, 19, 21, 23, 24, 25, 26, 31 These groundwater quality maps can be used for watershed management, rainwater harvesting activity and calibration and validation of water quality models in the Man River catchment. Finally, it is determined that there is an absence of proper monitoring of groundwater quality, and a regular chemical analysis is essential to predict the suitability of groundwater for drinking and irrigation purposes during pre-and post-monsoon season. In this study area, the aqua filter will be fitted on the 45 observation wells for sustainable water resources management as the increased use of groundwater for irrigation is increased to improve the crop yield production and better planning for protection of drinking water during a dry spell period.
The contour maps of the spatial distributions of the hydro-chemical parameters of the study area are shown in 
CONCLUSIONS
The groundwater quality was evaluated using irrigation indices such as SAR, Na%, RSC and PI. The majority of the wells fall under moderate to unsuitable category of water for irrigation purposes. The majority of the water types are Ca-Na-Mg and Cl-SO 4 facies. The C2-S1 and C3-S1 categories have 47.5%. The groundwater quality for irrigation is very good in the hard-basaltic rock area. The crops such as soybean, gram, and cotton under basaltic rock and dry land areas are recommended for growth. However, the PI value showed that almost all the groundwater wells are appropriate for crops, so GIS maps will be helpful for finding suitable locations and wells for execution of the sprinkler irrigation systems. A positive solution would be continuous groundwater quality monitoring in the pre-and post-monsoon seasons. The detailed study of hydro-geochemical analysis can be used for ecological use of groundwater resources and watershed management in the Man River catchment.
